A population health management program was implemented to assess growth in health care expenditures for the disabled segment of Georgia's Medicaid population before and during the first year of a population health outcomes management program, and to compare those expenditures with projected costs based on various cost inflation trend assumptions. A retrospective, nonexperimental approach was used to analyze claims data from Georgia Medicaid claims files for all program-eligible persons for each relevant time period (intent-to-treat basis). These included all non-Medicare, noninstitutionalized Medicaid aged-blind-disabled adults older than 18 years of age. Comparisons of health care expenditures and utilization were made between base year (2003)(2004) and performance year one (2006)(2007), and of the difference between actual expenditures incurred in the performance year vs. projected expenditures based on various cost inflation assumptions. Demographic characteristics and clinical complexity of the population (as measured by the Chronic Illness and Disability Payment System risk score) actually increased from baseline to implementation. Actual expenditures were less than projected expenditures using any relevant medical inflation assumption. Actual expenditures were less than projected expenditures by $9.82 million when using a conservative US general medical inflation rate, by $43.6 million using national Medicaid cost trends, and by $106 million using Georgia Medicaid's own cost projections for the non-dually eligible disabled segment of Medicaid enrollees. Quadratic growth curve modeling also demonstrated a lower rate of increase in total expenditures. The rate of increase in expenditures was lower over the first year of program implementation compared with baseline. Weighted utilization rates were also lower in high-cost categories, such as inpatient days, despite increases in the risk profile of the population. Varying levels of cost avoidance could be inferred from differences between actual and projected expenditures using each of the health-related inflation assumptions. (Population Health Management 2011;14:215-222) 
Introduction

M
edicaid spending represents 15% of all US health care spending. In fiscal year 2007, national Medicaid program expenditures were $332.2 billion, with 43% ($142.6 billion) borne by states. Total Medicaid program expenditures are projected to increase to $673.7 billion by 2017 at the rate of 7.9% per year. 1 Medicaid spending ranks second among all costs in many state budgets, accounting for 17% of state budgets on average. 2 Facing severe budget deficits and continued growth in Medicaid spending, states have adopted cost-saving/cutting initiatives, such as reduction in provider payments, coverage limitations, increased cost sharing with the enrollees, preferred prescription drug lists, and reduced Medicaid benefits. 3 Some states have also sought budget predictability by outsourcing Medicaid reimbursement to managed care organizations (MCOs), negotiating a global capitation rate per member per month (PMPM).
One strategy used increasingly over the past decade (especially targeting the high-cost chronically ill or disabled subset of the Medicaid population) is implementation of a disease management (DM) program to improve health outcomes while containing costs.
Medicaid DM programs as of fiscal year 2003. 5 The performance indicators of DM programs typically include: (1) overall cost savings (usually based on the amount spent PMPM as compared to some baseline trend); (2) component cost savings (eg, reductions in emergency room visits or hospital admissions, as compared to the baseline); and (3) return on investment (which accounts for program costs as well as medical savings). However, evidence of the effectiveness of these programs within either Medicare or Medicaid populations is mixed. 6, 7 While many DM programs target individuals with specific diseases, studies of more global population health management (PHM) programs targeting the clinically and socially complex disabled segment of Medicaid populations are sparse. Nationally, this segment constitutes only 30% of Medicaid enrollees but disproportionately accounts for two thirds (67%) of total Medicaid expenditures. 1 In contrast to the younger, healthier segments of the Medicaid population, there is little evidence of improved care for the aged-blinddisabled segment under fully capitated managed care or primary care case management programs. 8 In addition, many programs are implemented without randomized study designs or control groups, and must be evaluated as rigorously as possible with available data. Therefore, we undertook this study of a specific population health outcomes management program by analyzing actual vs. projected expenditures among Georgia's non-Medicare (non-duallyeligible) Medicaid enrollees.
Methods
Description of Georgia Medicaid Disease Management Program
The Georgia Department of Community Health contracts with 2 private-sector DM vendors to coordinate and deliver population health outcomes management services (previously known as DM). 6 These programs serve the aged, blind, and disabled populations of Medicaid (approximately 100,000 people) in different regions of the state. This study focuses on the program covering Atlanta and North Georgia. Although 7 diseases are nominally targeted for management (ie, asthma, chronic obstructive pulmonary disease, congestive heart failure, coronary artery disease, diabetes, hemophilia, and schizophrenia), the program outcomes and financial incentives are tied to overall cost and quality outcomes for all eligible enrollees, regardless of disease or comorbidity.
The state paid the North Georgia vendor a $13.94 PMPM capitation payment. Medicaid members enrolled in the program received a broad array of care coordination services, a 24/7 nurse advice line, educational services, and member/ provider analysis using utilization and claims data. The core of the intervention team is the registered nurse (RN) ''health coach,'' but the team also includes social workers, pharmacists, mental health professionals, and provider engagement staff.
RN health coaches were placed not only in a centralized call center, but also in high-volume practice sites such as hospital emergency departments and federally qualified health centers, where they could influence not only patients but practitioners. The involvement of an academic team focused on the interface between data analytics and clinical opportunities led not only to enhanced training of RN health coaches, but also to Medicaid program changes (eg, reimbursement for clinically-indicated influenza and pneumococcal vaccines). These distinctive elements may be relevant, because less effective programs may overly rely on traditional patient education mailings or limited telephonic contact rather than active coaching, self-management training, provider engagement, or population-based approaches. 9 
Study design
Not having the luxury of a prospective randomized trial design, we compared actual expenditures in the first year of program implementation to projected expenditures using various inflation or cost-trend assumptions applied to the baseline year's actual expenditures. 5 There was no control group because the program was implemented statewide for everyone who was eligible for the program. We also compared weighted PMPM utilization rates and unit costs per inpatient day, per hospital admission, and per prescription to assess alternative explanations for any change in cost trends. 
Data
Data for this study came from a Georgia Medicaid eligibility extract file and 3 paid claims extract files (medical, institutional, and drug) for enrollees covered by this PHM program. We excluded individuals younger than age 18 and those not eligible for the program (eg, enrollees in Medicaid managed care plans or Medicare, those residing in a nursing home, receiving hospice care, receiving special services under a waiver category, or receiving retroactive Medicaid). Thus, in our study all eligible enrollees for the PHM program were aged, blind, or disabled and were served in a fee-for-service environment. After these exclusion criteria, our study population consisted of 46,654 enrollees in the base year and 41,131 enrollees in the performance year (all who were eligible were included regardless of their level of contact with the DM program; this is a conservative intent-to-treat approach, given that the goal of the initiative was to reduce population-wide Medicaid expenditures regardless of whether individual enrollees migrated into or out of the program).
The private DM vendors contracted directly with the state Medicaid division of the Georgia Department of Community Health, and obtained monthly claims data through a HIPAA (Health Insurance Portability and Accountability Act)-compliant business affiliates agreement. The academic team was contracted to provide technical consultation at the interface between data analytics and clinical opportunities to improve health and economic outcomes for aged, blind, and disabled Medicaid enrollees. The academic Institutional Review Board determined this study of program outcomes to be exempt from further human subjects review.
Measures
Aggregate program expenditures. Program expenditures were calculated for the baseline year and performance year 1
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across service categories (inpatient, outpatient, physician, other, drug, and total) for each enrollee and these were aggregated to total program payments. A $150,000 stop-loss threshold was applied in each evaluation period to reduce the influence of high-cost outliers. Two different methods of calculating average PMPM expenditures were used-simple average (ie, ratio of the means) and weighted average (mean ratio).
10
PMPM: Simple average or ratio of the means. Average PMPM expenditures were calculated by simply dividing the total expenditures by the total number of enrolled months across all individuals. We calculated PMPM costs for both baseline year and performance year by dividing total expenditures for each period by the respective total number of member months. 5 For the base year, the total number of member months was 442,052; for the performance year, the total number of member months was 426,285.
PMPM: Weighted average method or mean ratio. We also calculated PMPM expenditures by dividing the individual's expenditures by the number of months that the person was enrolled. We call this a weighted average because the denominator (ie, months of enrollment) varied from person to person; persons enrolled for more months had a greater impact on the PMPM calculations.
PMPM health care utilization. Health care utilization rates were also calculated as weighted averages of the individual's number of events (inpatient admissions, inpatient days, emergency room visits, outpatient visits, and filled prescriptions) per month enrolled. Average length of stay was calculated by dividing total number of hospital days by total number of admissions for each individual. These measures were calculated for both the baseline and performance year.
Health status. We used the Chronic Illness and Disability Payment System (CDPS) risk score (both unadjusted/ unweighted and weighted/adjusted scores) to describe health status in the baseline and performance years because it was originally developed for states to use to adjust capitated payments for Medicaid beneficiaries. A CDPS score of 2.0 corresponds to a Medicaid enrollee likely to generate twice the Medicaid expenditures of an average Medicaid enrollee. The comparative advantages of using CDPS over other risk scores have been published previously.
11
Analytic and statistical methods
To evaluate changes in expenditures from baseline year to program year 1, we adopted several approaches.
Rate of Growth: Difference between projected and actual expenditures. We used a simple approach of differences between projected and actual expenditures during the performance year as this study's primary outcome variable. 12 Alternative values for projected expenditures were calculated using 4 alternative inflation or cost-trend assumptions (other factors remaining constant). The most locally relevant analysis used Georgia's own cost-trend assumptions for their non-dually-eligible disabled Medicaid population. Alternative (and better-documented) assumptions used the US Medicaid inflation rate, 13, 14 US overall medical inflation rate, and the general (not specifically medical) consumer price index inflation rate. 15 The projected estimates were calculated for 34 months and converted to 12 months (annualized) change. To minimize the impact of a small number of outliers, we also calculated the actual vs. projected costs both with and without exclusion of costs exceeding the stop-loss cap ($150,000 in annual costs for 1 member).
Independent populations approach. As a second approach, we examined changes in PMPM expenditures between baseline and program year 1 using t tests under the assumption of independent populations with equal variances. In these analyses, we indicate significance at the level of P < 0.05. Some of the same individuals remain in both study periods (16,711 persons representing 35.8% of those eligible in the base year and 40.1% of those eligible in program year 1), but because the time period is 34 months apart and not a majority of the population, the assumption of independence is satisfied. We also ran the analyses with an assumption of unequal variance and found no impact on statistical significance of our results or any change in our conclusions.
Changes in expenditures over time: Quadratic growth curve model. For the third approach, we relaxed the assumption of independent populations because repeated observations of the same individuals occur in both years. We used growth models to examine whether total health care expenditures increased, decreased, or remained stable over . The growth curve model with random intercepts allows us to control for the nonindependence of observations in the same individual over time. To accommodate the possibility that growth in expenditures can be nonlinear in relation to time, we built a quadratic growth curve model. Using this model, we tested the assumption that the growth in expenditures may become slower over time by including time-squared term in the model. This was accomplished with a random coefficient growth modeling, with time and time-squared as the independent variables and monthly total expenditures as the dependent variable. In the random coefficient growth modeling, the intercept was fit as random effects which varied across individuals. Table 1 compares the study population characteristics in terms of sex, race/ethnicity, age, geographic region, health status as measured by CDPS risk score, and number of eligible months in the base year and performance year. The sex, racial/ethnic, and rural/urban composition remained virtually the same across both periods. Raw CDPS risk scores (unadjusted for age and sex) increased by 24%, while adjusted, weighted CDPS scores increased 21%. Because CDPS scores are used in part to predict a Medicaid population's future expenditures, these changes from baseline to program year indicate a population that actually increased its Medicaid expenditure risk by 21%-24%. Table 2 compares weighted utilization in several service categories for baseline and program year 1. Using a weighted PMPM average utilization, 4 of 6 measures of utilization decreased between baseline and program year 1 including significant cost drivers such as hospital admissions (2.2% decrease, P ¼ 0.005) and inpatient bed days (1.9% decrease, P ¼ 0.095). Average length of stay did not change significantly. There was also a significant and unexplained increase in emergency department visits (3.1% increase, P < 0.001).
Results
Utilization rates
Costs per unit of service
In order to rule out decreases in payment rates or paid amounts per unit of service, we analyzed the average costs per unit of care (eg, dollars expended per inpatient bed day, per inpatient admission, and per prescription drug fill), each of which increased in a narrow range from 5.3% to 5.8% (Table 3) .
Rate of growth
Difference between projected and actual expenditures: Simple average. Table 4 shows the average PMPM spending ($) and total payments by type of service for program enrollees at baseline and in program year 1, calculated with and without stop-loss. The aggregate total payments increased from $349.1 million during the baseline year to $360.7 million during performance year 1.
The average PMPM expenditures increased from $789.7 to $846.2, an annualized 2.5% increase. Reanalyzed with stoploss, the average PMPM expenditures increased from $774.9 in the base year to $808.8 in performance year 1, a 1.5% annualized rate of increase. Within specific spending categories, average PMPM expenditures increased for every category of service except for outpatient care, which decreased from $132.8 to $104.7. Weighted expenditures showed similar trends.
Difference between projected and actual weighted average expenditures. Table 5 illustrates the potential savings of the program (ie, the gap between actual Medicaid expenditures and projected expenditures for this population based on various cost inflation assumptions). Using the general consumer price index as an inflation rate, the program experiences a negative actual vs. projected expenditure variance of approximately $4.6 million. However, using US general medical inflation rates and national Medicaid cost trends, the gap between actual and projected expenditures indicated a potential cost avoidance for the Medicaid program ranging from $9.8 million to $43.6 million. Using the cost trends most specific to this Georgia Medicaid disabled population (as determined by the state's certified actuarial report), actual vs. projected expenditures suggest a high-range estimate of cost avoidance of $106 million.
We tested for statistical significance of actual vs. projected expenditures using each of the inflation models, but, for simplicity, we present here the results of the most relevant model (ie, comparing actual expenditures to those using the national Medicaid cost growth rates). Projections based on a Medicaid inflation rate provided by the state-contracted actuarial firm produced much more dramatic results, but the rate was substantially higher than national averages in the same time period.
The national Medicaid cost inflation rate provides a more conservative projection that is still directly relevant to the population at hand (more so than the general medical inflation rate and certainly more relevant than a nonmedical consumer price index). The difference between actual and projected expenditures was significant and negative for total expenditures. Differences in subcategories of expenditure are much more subject to minor year-to-year fluctuation and, therefore, are not the major focus of this study.
Quadratic growth curve model with repeated observations. In the random coefficient growth modeling of PMPM total expenditures, both time in months and time-squared were significant (P < 0.0001). The parameter estimate for time was positive and time-squared was negative (b ¼ -0.1204; P < 0.0001). Together, these findings suggest that, over time, the health care expenditures increased but the rate of growth 
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in health care expenditures slowed (ie, the rate of increase in Medicaid expenditures declined as time increased).
Discussion
This PHM program targeting the non-Medicare disabled segment of the Georgia Medicaid population demonstrated actual expenditures substantially lower than any projections based on relevant medical inflation rates. We found a parallel decrease in hospital admissions and hospital bed-days weighted for member months, with a slight absolute reduction in length of stay, consistent with an effect related to care coordination and chronic disease care management (CDCM). Unit costs per inpatient day, per admission, and per prescription increased 5%-6%, suggesting that reductions in provider payment rates do not explain the reduction in expenditure growth. Our mixed-effects growth models also demonstrated that the rate of increase in Medicaid expenditures declined as time increased, even though the population's risk profile measured by CDPS scores actually increased.
PHM targets clients for higher levels of contact based on risk stratification. For example, 57.9% of persons in the highest decile of Medicaid expenditures are still in the top 10% of enrollees for generating Medicaid expenditures 2 years later. 16 The aged and disabled segment of the Medicaid population accounted for two thirds (68.7%) of all Medicaid spending in 2006. 17 According to the Kaiser Commission on Medicaid and the Uninsured, the disabled accounted for three fourths (76%) of the $10.4 billion growth in US Medicaid expenditures from 2005-2006 (after adjustment for the shift to Medicare Part D drug spending for dual-eligibles). 18 There is tremendous variability in Medicaid expenditures from state to state, with corresponding state-to-state variability in expenditure trends from year to year. 19 In addition, not all PHM/DM programs are the same. For example, the Medicare demonstration projects reported on a very ''light-touch'' or low-intensity telephone contact with patients. Similar findings from a randomized, intent-to-treat design study of the Florida LifeMasters Supported SelfCare demonstration program (also primarily telephonic contact) showed ''virtually no overall impacts on hospital or emergency room (ER) use, Medicare expenditures, quality of care, or prescription drug use for the 33,000 enrollees,'' although savings could be shown for specific diagnostic subgroups in a high-cost region of the state. 21 Traditional MCOs may be similarly ill equipped. A survey of executive leaders of 95 California MCOs found that although there was substantial interest in increasing CDCM, ''insufficient financial resources at the plan level, lack of organizational leadership and commitment in physician organizations, and limited information technology in physician offices were barriers to CDCM expansion. '' 22 It may also be that PHM shows a greater return on investment in populations in greater need of care coordination. The Medicaid disabled population is characterized by lowincome, low health literacy, and high rates of multiple medical comorbidities, as well as high rates of co-occurring mental health disorders, favoring a program whose design and financial incentives target overall population health outcomes rather than one-disease-at-a-time metrics.
Our results are consistent with similar recent studies. For example, a 2008 report of a randomized trial embedded in the Indiana Medicaid PHM/DM program found cost increases in both the intervention and control groups, but statistically significant cost avoidance (actual vs. projected expenditures), especially in the subset of congestive heart failure patients. 23 A 2009 longitudinal study of the statewide impact of the program covering 44,213 Medicaid enrollees with diabetes or congestive heart failure concluded that ''claims were increasing before ICDMP, flattened in the years around program initiation, and remained flat in the final year of follow-up.'' 24 In contrast to ''light-touch'' telephonic case management, the Indiana program involved more intensive case management, including home health nurse visits and direct provider engagement, with a conscious focus on the impact of multiple comorbidities (eg, chronic pain from osteoarthritis was associated with increased costs among those with diabetes). 25 A study of more than 35,000 clients enrolled in a Virginia Medicaid PHM/DM program found statistically significant improvements ''in patient's drug compliance and quality of life while reducing (ER), hospital, and physician office visits and adverse events,'' with a specific cost savings related to reduced hospitalization rates. 26 27 but other costs, such as pharmaceutical expenditures, increased and no cost offsets were found. 6 Even so, studies of this program have found additional benefits in clinical measures such as blood pressure, cholesterol control, and medication adherence. 28 Are there uniquely effective elements of the Georgia Enhanced Care (GEC) program? The GEC program used RNs as health coaches as part of a larger team that also included pharmacists, psychologists, and social workers specifically trained to address multiple risks and comorbidities in a whole-person approach. In addition, the program attempted to engage the physicians who care for these complex patients, and also worked at the level of systems change (eg, negotiating a state policy change so that Georgia Medicaid would reimburse for influenza and pneumonia vaccines when clinically indicated). In order to facilitate interaction between the RN health coaches and patients or their providers, some of the health coaches were moved out of the call center to frontline clinical practice settings such as high-volume hospital emergency departments and federally qualified health centers. A key element of the strategy was that the program's financial incentives were weighted heavily (80% of revenues at-risk) toward a whole-person, whole-population return on investment target, rather than targeting individual disease outcomes. Because there were no opportunities for the program to limit access to services as might be found in a utilization management program, cost savings could only be achieved by coordinating care to be more efficient and more effective in preventing costly complications, hospital admissions, or exacerbations of chronic disease.
While some evaluation studies have included a control group, 6 this was an uncontrolled study of a real-world program implementation. However, even without a control group, we can rule out some alternative explanations for the gap between actual and projected expenditures. For example, a shift in the age-race-sex mix or duration of enrollment or diagnostic case-mix of the population could explain a moderation of cost increases per member, but Table 1 appears to exclude these as possible explanations. In fact, despite a slight shift in age distribution, the case-mix actually appears to favor a trend toward higher costs. Because CDPS scores are used in part to predict a Medicaid population's future expenditures, these changes from baseline to program year indicate a population that increased its Medicaid expenditure risk by 21%-24%. This helps rule out regression to the mean or population changes in risk profile as explanations for the moderation in cost inflation. A study of patients with chronic obstructive pulmonary disease in the Colorado Medicaid program found virtually no regression to the mean or secular trend toward improvement in cost or utilization patterns. 29 Neither was there any decline in unit cost (dollars paid per prescription or per office visit or per bed-day), suggesting a shift to lower cost providers or to deeply discounted medications was found to explain the moderation in Medicaid expenditure growth. A disproportionate impact on overall costs and average cost per member by a small number of costly outliers was also ruled out by calculating the expenditure variance both with and without the stoploss cap.
In a certified actuarial report (unpublished data, Georgia Enhanced Care Disease Management Program Financial Results for Performance Year 1, APS Healthcare; Mercer Government Human Services Consulting; March 25, 2008) , the state's actuarial consulting firm identified all potential program changes that might have had an impact on expenditures or on cost-growth trends. In so doing, they adjusted their annualized Medicaid cost growth trend assumption from 13. 
Conclusions
Real-world implementation of programs across entire states or entire segments of the Medicaid population must often be evaluated without the luxury of experimental randomized controlled trial designs. Despite these limitations, the decline in rate of cost increase concurrent with the implementation of this PHM program for disabled Medicaid enrollees suggests a target of opportunity for other states seeking to reduce Medicaid expenditures. Our study findings also highlight the feasibility of addressing multiple risks and comorbidities in a whole-person approach for individuals with such clinically and socially complex health care needs. Further studies, including controlled trials, will be needed to more rigorously measure the impact directly attributable to such programs.
